Abstract-The people-centric sensing community is paying substantial attention to the smartphone as an ad hoc, low-cost, and dense sensing method because it permits people to participate easily in sensing activities, i.e., just by carrying it as usual. People carry their smartphones in various manners, rendering measurement results unreliable. For example, humidity is typically higher in a trouser pocket than around the neck as a result of sweat. In this article, we propose a platform for peoplecentric sensing that considers the on-body position of a smartphone as metadata. A general architecture is presented, and a universal serial bus-based external sensing module for an Androidbased terminal is developed. A heatstroke alert map that visualizes the heatstroke risk is presented as an application based on both the collected raw data and metadata using the platform.
. Such smartphonebased sensing enables low-cost and geographically high-density sensing; however, the nature of a smartphone as an object of daily use, i.e., ease of carrying, poses a problem, especially in the case in which a person carries a smartphone directly. According to a study of phone carrying, 17% of people determine the position for storing a smartphone based on contextual restrictions, e.g., no pocket in the T-shirt, too large a phone size for a trouser pocket, or comfort during an ongoing activity [6] . These factors vary throughout the day; thus, users change the positions frequently.
This suggests that a sensor embedded in a smartphone might generate meaningless data if a person carries the smartphone. Meaningless data cause unreliable sensing and waste the computational power of a terminal as well as the network bandwidth. For example, a smartphone (with temperature and humidity sensors) stored in a trouser pocket must not be used to sense heatstroke risk because the risk level calculated from the temperature and humidity data tends to be underestimated as a result of body heat and perspiration [38] . This suggests that a context, the on-body position of a sensor, has high potential for improving the quality of sensor-dependent services. In the paradigm of people-centric sensing, the storing position of a smartphone terminal is considered as a key context for reliable measurement [18] .
In this article, we propose a people-centric sensing platform that uses the positional information of a sensor node (smartphone) as metadata for improving the quality of sensing. We develop an external sensing module that is connected to an Android smartphone terminal to enable the measurement of a variety of environmental information in everyday use. A software framework on an Android terminal is also presented. The remainder of the article is organized as follows.
Section II examines related work in terms of people-centric sensing with a smartphone. The necessity of taking into account the position of a sensor on the body is pointed out in Section III, and a framework for a reliable people-centric sensing system is proposed. Our proposed system-Tiny, Adjunctive, and Lightweight Environmental Sensing for Extending Android (TALESEA), a universal serial bus (USB)-based sensor module for an Android-based terminalis developed in Section IV. Section V describes a map visualization of the heatstroke risk level as an application. Finally, Section VI concludes the article. [27] . In that case, the high degree of carrying freedom can degrade the quality of the sensed data in the absence of proper handling of the body's positional information.
II
The importance of sensor context, such as the position of the sensor on the body, in ensuring data reliability was pointed out by Lane et al. [18] . NoiseTube [19] is a smartphone-based noise levelsensing system and the possibility of the normal use of a mobile phone conflicting with the use of a noise level meter has been mentioned in connection with it. For example, carrying a phone terminal in a trouser pocket might provide measurement results different from those of a terminal hanging from the neck. In [23] , environmental states of a city such as carbon dioxide (CO 2 ) concentration, temperature, humidity, and air pressure were visualized using a data collection module attached to a smartphone; however, the visualization might have contained data from inappropriate sensing conditions resulting from the storing position of the microphone, i.e., the smartphone, that were not taken into account. In people-centric sensing, information regarding positioning on the earth, e.g., latitude, longitude, and orientation, is usually captured using a Global Positioning System (GPS) receiver, compass, and gyroscope, along with the target sensor data. It is interesting that the storing position has been found to affect even these sensors [3] [36] .
These facts suggest that the position of a sensor (smartphone) on the body must be taken into account in a reliable people-centric sensing system. Miluzzo et al. proposed a microphone-based on-body localization method for environmental sensing, in which the simple placement of "inside pocket" or "outside pocket" was the characteristic to detect [22] . We have also investigated a method for identifying nine typical positions on the body, including bags [11], as well as an application framework [10] . We consider that such detailed localization could improve the quality of data substantially. In this article, we show an example of the need for detailed position sensing, and we propose a framework for a reliable people-centric sensing system using the application framework.
III. SMARTPHONE-BASED RELIABLE ENVIRONMENTAL SENSING
a. Issues in Environmental Sensing Using Smartphones
As described above, people carry their smartphones in various manners. We can imagine that the temperature and humidity sensor readings might differ among various storing positions on the body, e.g., the neck or a chest or trouser pocket. small; however, the difference between trouser pockets and neck is large. We consider that this is because the outside temperature is very high, and a trouser pocket shades the sensor from the sun's heat. On the other hand, the heat might not be shaded in the chest pocket, since a chest pocket is nearly exposed to the air. These positional dependencies might degrade the quality of analysis of the collected data.
b. System Architecture
To address the issue, we propose a people-centric sensing system that allows explicit handling of the placement of a sensor node (smartphone). Here, we focus on opportunistic sensing, rather
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than participatory sensing, because people are usually aware of the position of a terminal in participatory sensing, e.g., holding in a hand to take a picture. The top-level functionalities of the system, sensing, sensor data sharing, and applications that use the collected information, are illustrated in Figure 2 . A sensing node is a smartphone with an additional sensing module consisting of target sensors such as temperature and humidity sensors, on-body device localization functionality, and position-handling components.
The device position can be handled in three manners, automatic, manual, and semi-automatic.
Automatic handling involves calibrating the measured data. Calibration requires defining the formula by collecting large numbers of data pairs from source and target positions. In the case in which such data collection is infeasible, an alternative solution is to filter out data from desired positions. In the temperature and humidity sensor example, data obtained from a trouser front pocket are not used, whereas measurements from the neck or chest pocket can be used. A similar approach was used in outside noise pollution monitoring [27] , by filtering out sound data that were believed to be obtained indoors, while moving at high speed, or stored in pockets. An issue in this approach is that the number of available data might be reduced. At the other end of the data-handling continuum, the system can ask a user to put his or her device at a designated position, e.g., hanging from the neck. However, this is obtrusive for the user if the position is not one typically used. In this case, strong motivation must be provided to the user to follow instructions from the system. Semi-automatic handling is between automatic and manual handling in that the final decision is entrusted to the user by providing information regarding the storing position and possible risk of the current position. Which of the three handling methods is used depends on the policy of the application designer. Thus, the platform is designed to provide positional information as metadata of the target sensing data via application programming interfaces (APIs) to achieve flexible handling. was integrated as the default sensor. Furthermore, two surface-mounted light-emitting diodes (LEDs) were embedded to communicate the status of TALESEA to the user. Additionally, six analog inputs and five digital inputs/outputs were available for general-purpose input/output (GPIO). Figure 3 shows the appearance of TALESEA attached to Samsung's Galaxy NEXUS.
The dimensions are W48 × H15 × D30 mm, and the weight is 19 g. The power consumption as a percentage after the system runs for one hour is 37.0%, indicating that if we assume a linearly increasing power consumption, it takes about three hours to deplete the charge. Then, to perform a more detailed analysis, we measured the power consumption of each component individually by letting them work separately. Table 1 summarizes the results.
The table shows that the power supply to the TALESEA sensing module used most of the power consumption, followed by on-body device localization and data uploading. Furthermore, to see more detail in the power supply to the TALESEA sensing module, we investigated the consumption current of the elements from their datasheet. As a result, the microcontroller Uploading to server on the Internet 8.5
On-body device localization 9.2
The drain on the power supply can be reduced by using a "sleep mode" supported by Arduino, which is achieved by limiting some functions of Arduino and resuming functionality through an external interrupt. In contrast to acceleration signals, temperature and humidity sensing does not require a high sampling frequency. Therefore, the module can be put into "sleep mode" between measurements and conduct sensing triggered by a timer interrupt. In addition, the power consumption of the USB serial adapter is a potential bottleneck in the power supply to the TALESEA sensing module. Not only the sleep of the microcontroller itself, but also the sleep of the USB controller must be considered. Furthermore, we consider that context-aware power saving can be achieved. For example, depending on the application, there can be a case in which the current device's position and activity render the measurement useless. The module can go into "sleep mode" once it detects such a situation.
On-body localization is the second-highest power consuming functionality, as shown in Table 1 .
This is because the component was not tuned for power consumption, but for recognition performance. As shown by Krause et al., battery life is affected by factors such as feature domains, i.e., time domain or frequency domain, size of the feature calculation window, or sampling rate [17] . Careful selection of these parameters is required, taking into account the accuracy of localization. The power consumption related to GPS measurement and uploading to the server can be reduced by suppressing the number of measurements by collaborating with nearby terminals [33] , limiting to road segments [14] , and limiting periods of moving [40] . In addition, combining low-power consumption localization techniques with GPS-based positioning contributes to saving energy [16] .
V. MAP VISUALIZATION OF HEATSTROKE RISK LEVEL: AN APPLICATION
Based on the framework, we implemented a map visualization system for heatstroke alert as an application.
a. Motivation of Sharing Heatstroke Risk Level
In recent years, the number of people suffering from heatstroke has increased. Heatstroke occurs as a result of thermoregulatory dysfunction under heat stress. According to a survey by the Fire and Disaster Management Agency of Japan, 55,852 people across the country in the period of May to September of 2015 were transported to the hospital, and in the worst case also died (0.2% of patients) [9] . Various consumer products for heatstroke risk alert are available on the market [7] . However, the available information concerns the level of heatstroke risk at the moment, which indicates just a "point" rather than an "area," hence it is difficult for people to find the route to the station with the lowest risk, for example. On the other hand, a web application can provide a forecast of the level of risk at any location based on the information from a weather station; however, the spatial resolution of the information is limited to the city level. Therefore, combining the local measurements with the global position has the potential to improve the spatial and time resolutions, and allow querying the risk level at any location. The information can be used not only to provide people with safe walking/biking paths, but also to assist administrative agencies in future urban planning.
b. Leveraging the Positional Information of Measurement Devices
Wet-bulb globe temperature (WBGT) is considered to be the most informative index for environmental thermal conditions that reflect the probability of heatstroke, because it consists of three important factors, air temperature, air humidity, and radiant heat [39] . However, consumer portable devices usually use an approximate formula [13] without the radiant heat term, as shown below, owing to the large form factor of a global thermometer (see Equations (1) and (2)). (2) Here, T a and Rh are the air temperature and relative humidity, respectively, which are easily measured in daily life. As described in Section III-a, the temperature and relative humidity measurements might not be correct if the device is not outdoors or not open to the air, e.g., in a front trouser pocket. The calculated WBGT value is also affected by on-body positional dependency. A lower-than-actual level of risk suggested by an underestimate might render the user careless. Nevertheless, people would not mind if their devices were to be carried in an undesirable manner. In Section III-b, three types of device-position handling methods were introduced. As a first step, we took the semi-automatic approach in this application, in which the on-body position of the device is explicitly presented to the user to facilitate the interpretation of the reliability of the calculated WBGT by him-or herself. This implies that the quality of data collected by such a sensing paradigm might be low without taking account of the storing position of the sensor. A visualization system of the heatstroke risk level was implemented based on a basic framework of an on-body localization-aware humanprobe system. A tiny sensor module for an Android-based smartphone, TALESEA, was investigated. Evaluation of the power consumption revealed the power profile of TALESEAbased people-centric sensing, in which the power supply to the TALESEA module was most depleted. High-level APIs were provided to developers that allow developers to use a Implementing an interface to on-body position identification service; Called every update of a storing position.
Instantiating TALESEA class -Setting latest temperature and humidity data from local DB -getting temperature data -getting humidity data transmitting the information to Pachube smartphone's position as metadata for sensing data easily. The current version of the visualization system simply shows the storing position as self-interpretive information for the user. However, another type of information can be considered that provides a calibrated value as if the measurements were outdoors, with the possibility of over-or under-estimation of the measurement from a current position. We have already proposed this idea [38] . Absolute humidity is also calculated from temperature and relative humidity and can be used to estimate the risk of flu [30] . To build robust calibration formulas and extend the application area from the cold season (flu) to the hot season (heatstroke), large-scale data collection involving on-body positions, engaged activities, and clothing must be conducted.
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